For water, high precision scattering data were published by Soper and Head-Gordon [1] [2] [3] [4] . Figure S1 shows the X-ray scattering intensity I H2O (q) of water at 27
• C. The experimental scattering pattern in the q-range between 0.3Å −1 and 9.4Å −1 is perfectly reproduced by a fit of a sum of four pairs of peak functions with width σ k centered at ±q k and a uniform background contribution:
Each pair in brackets corresponds to a damped oscillation with periodicity λ k = 2π /q k and decay length ξ k = 1 /σ k . The resulting fit parameters are summarized in Table S1 . For large distances, correlations with the largest decay length ξ k dominate. For water the decay modes k ∈ {1, 2} comprise a double-peak of the scattering intensity I H2O (q) at q 1 = 1.92Å −1 and q 2 = 3.09Å −1 . Both components, corresponding to the slowest decay of oscillations, exhibit almost the same bulk correlation lengths • C (red circles). Data are taken from Hura et al., Table 1 [1] . The solid blue curve is a fit of Eq. (S1) to the experimental data. * Electronic address: mezger@mpip-mainz.mpg.de TABLE S1: Parameters obtained by fitting Eq. (S1) to water scattering data published by Hura et al. [1] , see Fig. S1 . The background contribution in Eq. (S1) is given by the fit parameter C = 2.63 e.u.. 
42Å is used for the bulk correlation length introduced in Eq. (2).
B. Specific Surface Area
Specific surface areas s of vermiculite and kaolin samples were determined from nitrogen adsorption isotherms (Quantachrome, Autosorb 1) at 77.3 K (Fig. S2) . Before the measurements, the samples were degassed for 24 h at 130
• C under high vacuum. The isotherms are dominated by the presence of slit mesopores, a very small micropore fraction, but no signs for macropores. Quantitative analysis of the experimental data in the pressure range 0 < p/p 0 < 0.25 using a BET slit model gave a specific surface area of s = 36.4 m 2 /g and 10.9 m 2 /g for chemically modified vermiculite and kaolin, respectively. For the dried clay minerals, a mass density of 2.63 g/cm 3 (vermiculite) and 2.70 g/cm 3 (kaolin) was determined by gas pycnometry (Quantachrome, Ultrapyc 1200e). Thus, the calculated average thickness of the clay platelets L can be estimated to 20.9 nm (vermiculite) and 68.0 nm (kaolin) respectively.
C. Ionic Impurities
The free ion concentration c i in the clay mineral samples was estimated from electrical conductivity measurements (Greisinger, GLF 100 RW). Approximately 0.5 g dried clay sample was suspended in deionized water (Satorius, Arium611, 18.1 MΩcm). The electric conductivity κ of the suspension was measured after stirring for at least 1 min (Fig. S3) . Between subsequent measurements, the water content of the suspension was increased in steps of 10 ml. The free ion concentration in the clay minerals was determined from the relation of κ vs. clay fraction x using the Debye-Hückel-Onsager equation [5] .
Here c = c i x is the molar concentration of soluble ions with limiting molar conductivity Λ 0 , κ 0 = 0.65 µS/cm is the measured water conductivity for x → 0 and − K = 60.32+0.2289 Λ 0 . Assuming that the conductivity is entirely caused by K + Cl − and NH
Cl − with limiting molar conductivities Λ 0 = 150 S cm 2 /mol [5] , we obtain a free ion concentration c i = 3.8 µmol/g for raw kaolin and 14.5 µmol/g for chemically modified vermiculite. This amounts to a surface concentration of 0.35 µmol/m 2 and 0.40 µmol/m 2 for kaolin and vermiculite respectively. After subsequent dispersion and filtering cycles of the raw kaolin material in deionized water (P07 sample), the surface concentration was reduced to 0.04 µmol/m 2 . For the charged vermiculite platelets, the determined ion concentration corresponds to approximately 0.12 free anions per surface unit cell. For comparison, the surface charge per surface unit cell is 1.2 − 1.8 [6] .
D. Scanning Electron Microscopy
The microscopic morphology of the vermiculite and kaolin materials was investigated by scanning electron microscopy (SEM; LEO Gemini 1530; 3 kV acceleration voltage). Figure S4 shows that the powders consist of thin platelets high aspect ratio and a lateral length scale in the micrometer regime. They are preferentially stacked parallel to each other. Analysis gives a platelet thickness of approx. 30 nm for vermiculite and 60 nm for kaolin (Fig. S4) . These values are in line with estimates L based on the clay surface areas and mass densities (Table 1) . Thus, the overall platelet thicknesses are at least one order of magnitude larger than the crystallographic repeat distances of 2.89 nm for vermiculite [7] and 0.739 nm for kaolin sheets silicates [8] . 
E. Atomic Force Microscopy
The surface morphology of the vermiculite and kaolin sheets was investigated by atomic force microscopy (AFM; Dimension icon with ScanAsyst) in tapping mode. AFM images show smooth terraces with step heights around 2.8 nm (vermiculite) and 0.7 nm (kaolin). These step heights correspond to the TOT vermiculite (2.89 nm) [7] and TO kaolin (0.739 nm) [8] smectic layer spacings. For a vermiculite platelet (Fig. S5a) , we extract a large radius of curvature R ≈ ∆x 2 2 ∆z ≈ 10 µm (Fig. S5c) . This confirms that the preparation procedure produces flat, smooth and well defined planar surfaces. Therefore, the premelting model introduced in Sec. 2 provides an adequate description for these clay powders.
F. High Energy X-Ray Diffraction
For experimental parameters see Table S2 .
G. XRD Data Processing
Between 1.8Å −1 and 2.25Å −1 negative values are observed in the difference patters (Fig. S7) . In this q-range, liquid water shows a strong diffuse scattering signal (red curve) centered around two maxima at 1.92Å −1 and 3.09Å −1 (Sec. A). However, extraction of the liquid wa- 
ter fraction by direct integration of the diffuse scattering signal with the required accuracy is not possible. In contrast, the integrated peak intensities of the sharp ice Bragg reflections can be extracted by curve fitting with much higher accuracy. In the fit range between q = 1.54Å −1 and 1.94Å −1 the smooth scattering signal from liquid water was modeled by a linear background function. For clarity, this linear background was subtracted in the azimuthal integrated difference patterns (Fig. 4) . Position q, relative intensity I, and full width of half maximum (FWHM) of ice Ih (100), (002), and (101) Bragg reflections are summarized in Table S3 , S4, S5. The CeO 2 (111) Bragg reflection was used for calibration and intensity normalization.
The liquid water fraction f (T ) in the partially frozen composite sample is obtained from the normalized Bragg intensities I(T ) by assuming full crystallization at −60
• C [9] .
The exponential function in Eq. (S3a) accounts for the temperature and the q-dependent Debye-Waller factor W D (T, q hkl ) of the respective ice (hkl) Bragg reflections [10] . Different intensity ratios of the integrated ice Bragg signals originate from the texture of the confined ice crystals. The ice texture depends on parameters such as the clay surface properties of the clays and cooling rate during crystallization. However, after normalization, for the integrated intensities of all three ice Bragg reflections, the same temperature dependence f (T ) was observed (Fig. S8) . The effective averaged premelting layer thicknessd(T ) is then calculated using Eq. (S3b). Here, s denotes the specific surface area of the dry clay, w m the total water weight fraction in the composite samples, and ρ H2O the water mass density. 
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